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lncrease in interleukin-6 and fibrinogen in peripheral blood after swine dust 
in halation 
by Bengt Sjogren, MD, Zhiping Wang, MD,2 Britt-Marie Larsson, BSC,~  Kjell Larsson, MD,2 Per H 
Larsson, M M e d s ~ , ~  Peter Westerholm, MD1 

Sjogren B, Wang Z, Larsson B-M, Larsson K, Larsson PH, Westerholm P. lncrease in interleukin-6 and fibrinogen 
in peripheral blood after swine dust inhalation. Scand J Work Environ Health 1999;25(1):39-41. 

Objectives The inhalation of dust from swine confinement buildings causes inflammatoly responses in the 
airways with a rise of interleukin-6 (IL-6). The purpose of this study was to confirm the increase in serum IL-6 after 
inhalation of swine dust and investigate a possible increase in plasma fibrinogen. 
Methods Eight healthy nonsmoking volunteers inhaled dust for 4 hours inside a swine confinement building. 
Inhalable dust and endotoxin were sampled. The collcentrations of IL-6 and fibrinogen were determined in serum 
and plasma. 
Results The study showed a clear increase in the concentrations of IL-6 and fibrinogen after exposure. 
C O ~ C ~ U S ~ O ~ S  As fibrinogen is an important risk factor for ischemic heart disease, the increased concentration of 
fibrinogen among persons exposed to swine dust may increase the risk for this disease. 

Key terms endotoxin. 

The inhalation of dust from swine confinement buildings 
causes inflammatory responses in the airways, bronchial 
responsiveness, and systemic reactions such as fever and 
leukocytosis in swine farmers and subjects who have not 
previously been exposed to farm dust. A rise of inter- 
leukin-6 (IL-6) in serum has also been observed (1). IL- 
6 is known to stimulate hepatocytes to secrete fibrino- 
gen (2), and an increased plasma level of fibrinogen is 
an important risk factor for ischemic heart disease (3,4). 
An increased risk of ischemic heart disease has also been 
reported in some studies of farmers (5,6). 

The purpose of this study was to confirm the increase 
in serum IL-6 after the inhalation of swine dust and in- 
vestigate a possible increase in plasma fibrinogen. 

Subjects 

Eight healthy nonsmoking university students (3 females) 
with a mean age of 26 (range 22-3 1) years participated 
in the study. All the volunteers passed a health check 2 
weeks before the study, including a chest radiograph and 
blood routine examination. None of them had any 

allergic symptoms or asthma. None of them had any acute 
respiratory disease at least 2 weeks prior to the investi- 
gation. These volunteers had not been exposed to endo- 
toxin-containing dust in any earlier experiment. 

Exposure 
Each subject was exposed for 4 hours while weighing 
swine in a confinement building containing about 700 
pigs, each weighing about 100 kg. The participants as- 
sisted the farmer and guided the pigs through weighing 
boxes. This assistance was associated with a low physi- 
cal work load. 

Inhalable dust and endotoxin were sampled at an airflow 
of 2.0 l/min for the entire duration of the exposure, us- 
ing personal samplers with 25-mm IOM (Institute of 
Occupational Medicine, Edinburgh, Scotland) head open- 
phase filter cassettes and portable pumps (SKC Ltd, Dor- 
set, United Kingdom). The airflow was measured before 
and after the exposure, and the average value was used 
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Inhalation of swine dust and peripheral blood 

for calculating the volume of sampled air. The cassettes 
were carried in the breathing zone and were equipped 
with a 0.4-pm polycarbonate filter (Nuclepore Corp, 
Pleasanton, California, USA). Inhalable dust was meas- 
ured by weighing after 24 hours of conditioning, using 
an ME 22 Mettles@ balance (Mettler, Greisensee, Swit- 
zerland) and a reference filter. 

The filters used for the endotoxin analysis were ex- 
tracted in 10 ml of endotoxin-free water. The extracts 
were centrifuged for 10 minutes, and the supernatants 
were frozen at -70°C until later analysis with the chro- 
mogen version of the Limulus anzebocyte lysate assay 
(QCL-1000, Endotoxin, BioWhittaker, Walkersville, 
USA). 

Blood samples were taken from each subject imme- 
diately before the exposure. Samples were also taken 6 
and 24 hours thereafter. Samples of serum and plasma 
were stored at -70°C until the analysis. Each sample un- 
derwent only 1 freeze-thaw cycle before being assayed. 

IL-6 in serum was determined using commercial 
ELISA (enzyme-linked immunosorbent assay) kits (R&D 
system, British Bio-technology Limited, England). The 
lowest detectable concentration of IL-6 was 1.5 ng/l. 

The plasma was treated with Batroxobin, which 
cleaves fibrinogen proteolytically. The turbidity devel- 
oped after the polymerization of the released fibrin mon- 
omers and fibrin was measured photometrically by a Hi- 
tachi 91 1 automatic analyzer (Boehringer Mannheim, 
Germany). 

Statistics 

Mean and median values were calculated. Linear regres- 
sion was used for illustrating the relation between expo- 
sure and the concentrations of L - 6  and fibrinogen. These 
calculations were performed with StatView for Macin- 
tosh. 

Table 1. Exposure to dust and endotoxin and concentrations of 
interleukin-6 in serum and fibrinogen in plasma among 8 volun- 
teers. 

Volun- Dust Endotoxin Interleukin-6 Fibrinogen 
teer (mg/m3) (yg/m3) (ngll) (~11) 

Before After Before After 
6 h  6 h  24h 24h  

Median 19.3 0.95 4 . 5  11.8 2.11 3.10 

Results 

The mean inhalable dust exposure was 18 mg/m3, and 
the mean endotoxin level was 0.96 pg/m3. All the as- 
sessed concentrations of exposure, as well as the meas- 
ured levels of IL-6 and fibrinogen are presented in table 
1. 

One of the volunteers (D) experienced headache. The 
temperature of subject E was 38.2"C 6 hours after the 
start of the exposure. Subject F had a temperature of 
38.8"C 12 hours after the exposure. The blood sample 
was collected when subject E had a chill. 

The serum levels of IL-6 were all below 1.5 ng/l be- 
fore the exposure, and they increased in all the subjects 
after the exposure. The median level 6 hours after the 
beginning of exposure was 11.8 ngll, which is 7 times 
higher than the serum concentration before the exposure. 

The median increase of fibrinogen in plasma was 51 
(range 30-68)% after 24 hours. 

There were positive but statistically nonsignificant 
correlations (r) between the exposure to dust and the in- 
crease in IL-6 (r=0.43, P=0.29) or fibrinogen (r=0.19, 
P=0.65). The relationship was approximately the same 
regarding the exposure to endotoxin and the increase in 
IL-6 (r=0.42, P=0.30) and somewhat better regarding the 
increase in fibrinogen (r=0.50, P=0.21). The relationship 
between the increase in IL-6 and the increase in fibrino- 
gen was also weak (r=0.45, P=0.26). 

Discussion 

The increase in the serum IL-6 concentrations after the 
inhalation of swine dust and endotoxins confirms the re- 
sults of a previous study (1). It is notable that the highest 
plasma level of IL-6 (124.3 ngll) was associated with fe- 
ver and a chill. IL-6 is one of several components stimu- 
lating hepatocytes to secrete fibrinogen (2). The present 
study confirms an increase in plasma fibrinogen after IL- 
6 stimulation. 

A circadian rhythm has been observed regarding plas- 
ma levels of fibrinogen. The highest concentration was 
seen in the morning, and an approximately 13% lower 
level occurred in the evening (7). In this study the fibrin- 
ogen samples were taken before the exposure and 24 
hours thereafter. Thus diurnal variation was taken into 
account. 

Farmers are exposed to organic dust containing many 
components, including endotoxin, mites, and molds. This 
exposure causes allergic and inflammatory respiratory 
diseases such as asthma, chronic bronchitis, and allergic 
alveolitis (8). 

In a Swedish case-referent study farm managers and 
supervisors had an increased risk for myocardial 
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infarction [RR 1.6, 95% confidence interval (95% CI) 
1.0-2.61, but a similar risk was not observed for agri- 
cultural and livestock workers (RR 0.8, 95% CI 0.7- 
1.0) (5). Finnish female farmers had a significantly higher 
mean concentration of plasma fibrinogen when compared 
with white-collar workers. Female Finnish farmers had 
a higher risk for coronary deaths when compared with 
white-collar workers (RR 1.7, 95% CI 1.0-2.8), after 
adjustment for age, smoking, serum cholesterol, and 
blood pressure. However, a similar increase was not ob- 
served for male farmers (RR 0.9,95% CI 0.7 to 1.2), who 
had approximately the same levels of plasma fibrinogen 
as white-collar workers (6). 

The dust exposure of the volunteers in the present 
study was higher than that of swine production workers 
in the United States (9). The weighing procedure gener- 
ates more dust as the animals walk from box to box when 
compared with ordinary days when they move around in 
one box. Swine confinement workers in the United States 
were exposed to higher levels of total dust and endotox- 
in than neighborhood control farmers. Cross-shift chang- 
es in lung function were related to exposure to swine con- 
finement work (9). These differences regarding exposure 
to dusts and endotoxins might be an important factor be- 
hind the observed risks regarding ischemic heart disease 
between different farming populations. 

The inhalation of particles and gases from cigarette 
smoke increases the plasma levels of fibrinogen (10) and 
the risk for ischemic heart disease (4). However, the in- 
creased risk for this disease among smokers is not total- 
ly explained by the increased levels of fibrinogen (4). 

This relationship between exposure to swine dust and 
the increase of fibrinogen could be a specific aspect of a 
theory linking an inflammatory process in the lungs, 
caused by urban environmental or occupational air pol- 
lutants, to the occurrence of ischemic heart disease (1 l ,  
12). 
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